Background: Single balloon enteroscopy (SBE) is a recently developed diagnostic modality
Introduction
Visualisation of the small intestinal mucosal surface remained a challenge until the introduction of the capsule endoscope in
2001.
1 This technique soon gained popularity all over the world. 2 However, the inability to perform biopsies or therapeutic manoeuvres was a significant limitation of capsule endoscopy. To overcome this, enteroscopy systems have been developed that can traverse the small intestine and at the same time provide an opportunity to take tissue samples or perform therapy. 3 The first such system was a double balloon enteroscope which was followed by the single balloon enteroscope. 4, 5 Spiral enteroscopy has been the latest addition. 6 These systems differ in the technical and procedural details but all of them strive to visualise as much of the small bowel as possible. [7] [8] [9] [10] While sufficient data exists on the safety and yield of double balloon enteroscopy, data on efficacy of single balloon enteroscopy via the antegrade and retrograde route is scanty. 13 The aim of the present study therefore, was to assess the safety and diagnostic yield of single balloon enteroscopy at our center. Since most of the SBE procedures at our center were performed by the same endoscopist, we also assessed the learning curve of the procedure via the antegrade and retrograde routes with respect to the extent of small intestine visualised.
Methods
Single balloon enteroscopy facility has been available at our center since December 2007. This study retrospectively included all the patients who underwent this procedure upto December 2010. An Olympus single balloon enteroscopy system (SIF Q180) was used for all the procedures. The system includes a flexible video-enteroscope (2 m length), an overtube (140 cm length) with a balloon at its tip, a balloon control pump and a high definition video monitor. The procedure was performed via oral (antegrade) and/or anal (retrograde) route by a single endoscopist with two assistants (one controlling the overtube, balloon pump and keeping the part of enteroscope outside the oral cavity in a straight position and the other holding the enteroscope and mouth gag in position next to the oral cavity).
The enteroscope was advanced into the small bowel, followed by advancement of the overtube till it reached near the bending unit of the enteroscope. The balloon on the overtube was then inflated, the endoscope tip angled and the overtube and the enteroscope collectively withdrawn. 14 Repetition of this 'push/ pull' technique shortened the proximal small bowel and allowed progress of the endoscope distally. The procedure was performed till no further advancement was possible or required. For the procedure via the retrograde route, bowel preparation was done by administering 137.15 g of polyethylene glycol in 2 litres of water orally on the previous evening and on the morning of the procedure. 13 No preparation was required for antegrade route enteroscopy except for overnight fasting prior to the procedure. The procedure via the retrograde route was generally performed using sedation with midazolam while the oral route required propofol. Fluoroscopic guidance was used for all the patients during the procedure. The procedure time varied from half an hour to one and half hour although the exact time was not recorded.
The enteroscopy was performed by three endoscopists. In the first year, a single endoscopist (Endoscopist A, who did not have any prior formal training or hands on experience of the procedure) performed all the procedures. The technique was learnt by reading literature, attending workshops and watching videos. The engineers from the endoscope company provided technical support during the first two procedures.
Two more endoscopists started performing the procedure after the first year. Written informed consent for the procedure was obtained from all the patients. The findings were recorded on a standard reporting format using a software designed for endoscopy reporting (Image Plus, Avantec). The distance traversed was calculated by adding the length advanced in each push/pull cycle and subtracting the slippage distance. 15 The median distance traversed was measured from the pyloric ring for the antegrade route and from the IC valve for the retrograde route. The procedure was considered successful if the endoscope could be negotiated beyond the duodenojejunal flexure via the antegrade route or beyond 20 cm of the terminal ileum via the retrograde route. 16 The route of the procedure was decided by the referring physician based on the clinical data and/or imaging reports showing the location of the lesion. The epidemiological, clinical, laboratory and other investigation details, enteroscopy findings and procedure related complications were recorded systematically for each patient by a single investigator. These records were reviewed by a second investigator to ensure data accuracy. Crohn's disease was diagnosed based on a combination of clinical, endoscopic, radiological and histological features. 17 Tuberculosis was diagnosed if biopsy of the lesion showed acid fast bacilli or necrotising granulomas with clinical response after anti-tubercular therapy. 18 Presence of villous atrophy and crypt hyperplasia and response to gluten free diet was suggestive of celiac disease. 19 Vascular lesions were confirmed by endoscopic appearance and histology. 20 Other lesions were diagnosed based on mucosal findings, clinical details and biopsy reports. 21 The extent of the small bowel visualised, diagnostic yield, and procedure failure and complications rates were estimated. The study was approved by the institute review board and ethics committee. For estimating the learning curve of SBE, procedures performed by Endoscopist A were included. The number of procedures done by the other two endoscopists were too small to be included for analysis. Endoscopist A performed 57 procedures in all, which included 32 antegrade and 25 retrograde 
Statistical analysis

Discussion
This study reports performance characteristics, diagnostic yield and safety of SBE at our center over the past 3 years. Technical success and extent of the bowel examined was better with the antegrade route. The median length of jejunum seen during the first 15 procedures by Endoscopist A was 80 cm (range 40-150 cm) and in the subsequent 16 procedures it increased to 120 cm (range 60-200 cm). There was no obvious trend of improvement with increasing experience for the retrograde route. A recent report on 173 SBE (83% antegrade, 17% retrograde) from the USA showed the median depth during oral route to be 132 cm (range 20-400 cm) and rectal route to be 73 cm (range 10-160 cm). 13 This is comparable to our result for the oral route after the first 15 procedures and rectal route in general. This suggests that SBE via the oral route has a relatively faster learning curve while retrograde examination seems to be technically more demanding and difficult to improve upon. For DBE, the performance of retrograde procedure has been shown to improve after 20 procedures. 16 However, the average length of small bowel seen during rectal route examination by DBE is also significantly less than that via the oral route examination. 16, 23 Hence, this area requires further research and development to improve performance.
The diagnostic yield of SBE in our series was only 32.1%. This is less compared to about 45-60% yield reported from other series. 7, 8, 13, 24 One reason may be the poor yield in patients with obscure GI bleeds (16%) compared to other series. The low yield is due to the limited length of small bowel seen, as seven out of eight patients with obscure bleed and normal SBE were found to have small bowel lesions (Crohn's disease in five and angiodysplasia in two) on subsequent capsule endoscopy. The group with abdominal pain and suspected malabsorption also had a poor yield. Our center has no experience in DBE and hence we do not have any local data to compare the yields of SBE and DBE, but studies have clearly shown DBE to have better yield than SBE due to greater length of bowel examined and higher rate of complete small bowel examination. 7 A previous report from our center on capsule endoscopy in obscure gastrointestinal bleed showed the diagnostic yield to be 75.2% in the 133 patients evaluated. 25 This highlights the fact that balloon enteroscopy and capsule endoscopy have their specific benefits, which are complementary. 26, 27 Capsule endoscopy provides complete small bowel examination in majority of the cases, while balloon enteroscopy provides the opportunity to sample tissue and perform therapy. 28, 29 Our study confirms the safety of SBE in patients with suspected small bowel disorders. Only one patient reported shown to be less than 10% by the method described in this study. 15 Although we used fluoroscopy in all our patients, the advantage of fluoroscopy during the procedure is unclear and a recent study on double balloon enteroscopy showed no added benefit of fluoroscopy in terms of depth of insertion, procedure time or diagnostic yield. 30 In conclusion SBE via antegrade route has a higher success rate and better learning curve than retrograde route. The procedure is safe and helps in establishing a diagnosis in onethird of the patients examined. As SBE is performed in a limited number of centres, more data on learning curve, technical difficulties, limitations and diagnostic yield will help in better understanding of its role in evaluating small bowel disorders.
